To explore whether exposure among firefighters to fire smoke could lead to an increased risk of cancer, lung disease, and heart disease, the mortality of 4546 firefighters who were employed by the cities of Seattle and Tacoma, WA and Portland, OR for at least one year between 1944 and 1979 were compared with United States national mortalities and with mortality ofpolice officers from the same cities. Between 1945 and 1989, 1169 deaths occurred in the study population and 1162 death certificates (99%) were collected. Mortality due to all causes, ischaemic heart disease, and most other non-malignant diseases was less than expected based upon United States rates for white men. There was no excess risk of overall mortality from cancer but excesses of brain tumours (standardised mortality ratio (SMR) = 2-09, 95% confidence interval (95% CI) 1-3-3-2) and lymphatic and haematopoetic cancers (SMR = 1P31, 95% CI = 09-P18) were found. Younger firefighters ( < 40 years of age) appeared to have an excess risk of cancer (SMR = 1-45, 95% CI 0-8-2-39), primarily due to brain cancer (SMR = 3-75, 95% CI 1P2-8-7). The risk of lymphatic and haematopoetic cancers was greatest for men with at least 30 years of exposed employment (SMR = 2 05, 95% CI 1-1-3-6), especially for leukaemia (SMR = 2-60, 95% CI 1-05-4).
concern that firefighters may be at excess risk of cancer. Benzene and polycyclic aromatic hydrocarbons are likely encountered at most fires and other, less common, exposures may include asbestos, aromatic amines, chlorinated dioxins, and other potential carcinogens.' Excesses of brain cancer, cancers of the colon or rectum, malignant melanoma or skin cancer, bladder cancer, leukaemia, and multiple myeloma have been found,"'5 although the results have been far from consistent. Perhaps surprisingly, given a priori suspicions, only one cohort study has noted an excess of lung cancer in firefighters. 16 It is plausible that firefighters could also be at excess risk of death due to heart and respiratory disease. Many respiratory irritants, such as hydrogen chloride, nitrogen dioxides, isocyanates, and acrolein, are commonly present in smoke."' Evidence exists for respiratory dysfunction after acute high exposures"7-19 although studies designed to look at chronic effects have produced mixed results."'2 An increased risk of cardiovascular disease due to intense physical and psychological stress after periods ofinactivity or exposure to carbon monoxide and other toxic gases is also plausible." '25 Most cohort mortality studies, however, have found firefighters to be at the same or lower risk than the general population for both heart and lung disease.
Death rates for the general population have been used as the reference in most mortality studies of occupational cohorts. A major bias introduced by using general population rates has been termed the healthy worker effect.*"" In many ways firefighters, with their strict physical entry requirements and good employment benefits, typify a population in which a particularly strong healthy worker effect would be expected. This may in part account for the low risk of death due to heart and respiratory disease noted in these studies; however, when police, an occupation with similar entrance criteria, have been used as a reference population'429 evidence that firefighters are at increased risk of respiratory disease has been found. Also, a previously reported study ofa sub-population of this same cohort found that the risk of heart disease increased with duration of risks for death due to heart and circulatory disease were similar to or lower than expected with the exception of diseases of the arteries, veins, and pulmonary circulation, which were somewhat increased (SMR = 1-24, 95% CI 0 91-1 64). (table 5) . These firefighters also had an increased risk for brain tumours (IDR = 3-62, 95% CI 1-2-11-2), prostate cancer (IDR = 1-58, 95% CI 0 8-3 2), and emphysema (IDR = 1 48, 95% CI 0 6-3-9) compared with police.
In general, the risk for mortality from most causes was highest among firefighters 65 years ofage or older ( We also found an excess risk of leukaemia, which was highest among persons employed 30 or more years in fire combat positions, confirming our earlier finding of an increased risk among Seattle firefighters.' A twofold excess of multiple myeloma relative to police was also found. Other studies have noted an excess of lymphatic and haematopoietic cancers of various histologies" 121415 and an excess of these malignancies is plausible given the exposure of firefighters to benzene."5 Although exposure to benzene is likely to be short term, measurements have been taken in excess of 100 ppm.3 4 Our ability to conclude with certainty an association with exposure to fire smoke is limited by our finding of a similar excess in police. We are unable to assess whether the excess among police is due to factors held in common between the two occupational groups, to some exposure unique to police, or to chance. Of interest, two other studies that have examined cancer in firefighters v police found firefighters to be at higher risk for leukaemia. '214 We also found an excess ofprostate cancer, an effect ofuncertain significance and not seen in other studies.
The persistence of this excess compared with police makes a diagnostic bias an unlikely explanation. We did not find excess cancers of the skin, bladder, or lung, which have been noted in some other studies of firefighters. Limited support was found forpreviously described excesses of colon cancer when the comparison was made with police, but not with the United States reference group. The inconsistency with previous studies may be due to the small number of deaths found for some sites or to the different methods used and varying time periods examined.
As anticipated, many ofthe results ofthis study are consistent with the healthy worker effect. One exception was deaths due to diseases of the arteries, veins, and pulmonary circulation, which were increased among firefighters with at least 30 years of exposed employment compared with both United States white men and police. This result is difficult to interpret given the heterogeneous nature of conditions in this category.
In analyses ofthis cohort performed with follow up through 1983 we found an excess of non-malignant respiratory disease compared with police (IDR = 1 59), as opposed to a deficit when compared with United States rates (SMR = 0.88).29 One other study that compared deaths from lung disease in firefighters with those for police officers found a similar result.'4 Although this disparity was also found in the current analysis, the magnitude of the effect was much reduced. This may be in part Another limitation of this study is the lack of accuracy and specificity of information on cause of death on death certificates. In the case of heart and lung disease it may be difficult to assign a specific cause of death without a postmortem examination. Information about cancer on death certificates usually lacks detail and only rarely includes anatomical subsite or histological information. To the extent that a cause ofdeath category contains a wide range of etiologically unrelated diseases, the relation between the exposure and any one specific disease will be obscured.
Police were chosen as an alternative reference population because they have a similar socioeconomic state, health benefits, and strict physical entry requirements, and are generally free from any major fire smoke inhalation. Two studies of smoking habits by occupation show that police and firefighters are similar,35 36 although a somewhat greater percentage offirefighters reported having never smoked. Because of the small number of police deaths, however, the risk estimates based upon them lack statistical stability and their confidence limits are correspondingly wide. Also, police have rarely been studied and their occupational exposures and risks for death due to various causes have not been well characterised. An excess or deficit of deaths among police could be due to their own unique exposures or characteristics and thus lead to spurious conclusions about firefighters. Potential police exposures include psychological stress and motor vehicle exhausts. The magnitude and health effects of these exposures are not fully known and their potential for introducing bias should be borne in mind.
In conclusion, this study found excesses of brain cancer and leukaemia among city firefighters from the northwest United States and suggests that they may be at excess risk of dying from emphysema. Exposures to known carcinogens and respiratory irritants are likely to explain these findings; future efforts should be directed towards reducing and eliminating these exposures. 
